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A tuo-year study that attempted to aeasure patterns 
of papil attributions for success and failure in lathenatics is 
revieved, An attributicn pattern variable (ATTPAT) vas created to 
categorize individuals stodied into three groups. The first group had 
an attribution pattern thought to lead to generalized loir 
expectancies for success* Students classified as **high** vere in the 
second level cf ATTFAT, and papils placed in the third level vere 
those ifho could not be categorized vlthin either of the first tvo 
groups. It vas found that a stQdent*s perceptions about hov others 
viewed his constituted liportant causal variables in both years of 
the study. Interest in and th« rated importance ot aathenatics by 
students was heavily affected by perfcriance in the second year of 
the stady only. In general, the results and analysis indicated that 
notions aboat the functions of attributicn patterns aa; need to be 
serioasly revised. Factors identified as calling for further study 
include sore explicit specification of hypotheses, aodels, and 
predictions about the causal role of attributions, vxth particular 
regard to the direction ana magnitude of effects. Heither the grade 
level of the students nor the lathesatics being studied is specified, 
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Sarlir ia their careers, social scientists leara that corrslatioa is 
aot causatioa* For iastaace, tvo variables which corary nay be 
iaPlaasihlT -ausally related—e.g*, shoe size aad intelligence* Cook & 
Caipbell (1979i have described sa veral aecessary-but-aot-saf f irisat 
criteria vhich caa be ased to aid the scientist ia saiciag caasal 
iafareace* These criteria includet 1) covariation of variables 
(variables ia a presnaed canse*effect relatioa inst be related) , 2) 
taaporal precedence of canse over effect (to establish causality, aa 
effact caaaot precede the variable presased to cause it) , and 3} the 
aeed to ase 'coatrol variables' to rale out rival hypotheses* This 
criterion is advaaced ia recognition of the fact that fallacious 
iafsreaces caa he nade about possible caiise*ef f ect relations* The 
notion of spurious correlation, for erantple, describes the casa where 
covariation between tvo variables, say sortality rates and length of 
tine aarried, is due to their joint dependence on a third variable**in 
this case, age* 

In the randomized experiment, the researcher can sanipulate events 
so as to leet these criteria for the inference of causality* The 
erperiaenter controls the covariation of independent variables and thair 
temporal sequence, and attempts to rule out rival hypotheses by 
aliainating confounding variables through the design of the study* 
Random assignment of subjects to conditions insures tha equivalence of 
treatsant and ::ontrol groups prior to the erperioiantal manipulation* 
Bxperijnents tend to have high internal validity-*that is, the validity 
or 'truth' of stataaents about causality is oariaized by theic use* 

Hbila raadoBized erperimeots may be highly desirable in terms of 
Internal validity, non-randojnized field studies are often undertaken 
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wh«a randoaized experiotents ar^ impractical, aoethical, or aodesirable* 
HOQ'raadoiizsd field sttidles often ha^e the advantage 07er raadovizsd 
etperifleots in terms of external validity* Sxteroal ^aliditf refers to 
tha validity or trtith of stateaieots about the geoeralizability of caosal 
relatioaships across alternate seasares of the cause and effect and 
across different types of persons, settings, and tiaes* Althoogh it is 
true that threats to internal validity are lore nnneroas and severe in 
non*randoQized field stndies, this doos not sean that 7alid causal 
stateiaats cannot be repealed by such studies* There is a greater neei 
to rely on statistical or theoretical criteria to infer causation in 
these studies than in experiments* 

Path analysis refers to a set of statistical technigaes for soaking 
caasal inference first described by Wright {1934} and developed for 
social science applications by Duncan (1966) and Dthers (Blalock, 1971)* 
Xn path analysis, caasal parameters are estimated through the use of 
s^ts of multiple regressions* A path coefficient is the name giv^n to 
the standardized rearession coafficient or Beta veight used in ordinary 
least squares regression (OLS) * The path coefficient is an estioata of 
caasal effects of one variable on another represented in terms of the 
standard deviations of these variai^les. Although path coefficients are 
commonly used in the path analysis literature, only Q^Ltil 
tfill be employed in this paper* Path regressions are the unstandardized 
OLS (multiple) regression coefficients or b weights* Theoretical and 
Practical considerations lustify the siccljsive asa of anstandardizei 
path regressions in this research* 

Cert'iin statistical and theoretical assumptions mast be made to ase 
Path analytic technigaes* First: path analysis ^.ssamas an additi7e or 
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linear lodel* &s in otS regression, errors in equations are assanted to 
be ancorrelated vith each other* Treatment groaps are assamed to ha^e 
equal variance and all variables are assumed to be measured without 
acror* vhen these assasptions are net, then path analysis leads to 
efficient and unbiased ^stisates of causal parameters* 

Equally or more important, path analysis requires theoretical 
assumptions to be met. Specifically, the researcher must determine the 
seq^ience of otS reqressions in an a priori fashion* If achievement, for 
3xaiple, is thought to be determined by attitude, then achievement must 
be reqressed on attiti7de and not rice-^Tersa* The important assumption 
to be let is the assumption that the model tested is specified 
correctly* Specification error refers to the decree to vhich the 
mathematical representation of the theory divecqes from raality**that 
is, hov Inaccnrste the theory is* The greater specification error, the 
more biased are the estimates of the caasal effects* Besearchers oftan 
ase the statistical convention of p£*05 to make decisions about 
meaningful paths. 

The Bxp$ctancy/7alue 9odel of mathematics attitudes and choice 
behavior vhlch ve have offered (Parsons, Futterman, Goff, Kaczala & 
l382e, Kote 1) specifies the manner in which canses and effects in this 
domain are presumed to operate* Thus, this model vas used to determiue 
the sequence of path reqressions. The construct of attributions abont 
achievement outcomes occupies a central role in our model, bat hov is 
the importance of attributions to be assessed? nr^e solution woull be to 
entar into tha regression eguation each of the 18 attributional 
explanations for success and failure which students were required to 
ranfc in importance* This data analysis assumes simple additivity of 
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attrlbut ional effects, vhile several authors have suggested that it Is 
the gatte^D of an individual's attrihutioas for success and failure 
outcomes that is important* Therefore an attribution pattern variable 
(AttP&t} tras created. ATTPAt vas used to cate:}Dri2e individuals into 
three <Troups* this categorization depended oa the pattern of their 
rankings of different attributions for success an3 failure on a 
hypothetical lath test* Students classified in the first level of 
&TT?\T (lov) responded to the attribution leasure vith an attribution 
Patern thought to lead to generalized lov expectancies for success* 
this Dattern is characterized hj Internal attributions for failure aai 
external attributions for success* Students classified in the second 
level of At?PAr (high) responded to the attribution aeasurd vitli an 
attribution pattern thouaht to lead to generalized high expectancies for 
success. This pattern is characterized by internal attributions for 
success and external attributions for failure. Students classified la 
the third level of ATTPAT vere those students In neither the first nor 
the second level* 

Havia<7 created this nominal variable, it tras necessary to transform 
it by iunmy variable coding for regression purposes* It has been 
denonstrated that the unstaadardlzed regression freights of duaiiBy-:;oie^ 
variables can be suaiaed to determine the direct effect of the decomposed 
variable on the dependent variable (Lyons, 1971) ** To eraaiae the 
impact of including a variable representin? the effects of the 
attribution process, the entire sequence of regressions was run twl::e, 
ofice vith and once without the dummy variables. The values 

iThe summation is over N-1 of the dummy variables, where N is the 
number of levels of the decomposed variables; i*e* the Nth level is 
constrained to be zero* 
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(varlaoce-^accoantel^f or) are conpared for each dependent variable in 
each of these models* The researcher aust then naice a jadgteot about 
the size and/or aeaniogfalness of aor differences in values* 

Separate ATTPftT variables and ATTPAT daam; variables vere created 
for each 7^3r of the tvo-^year stad7f and sep&rate path analyses ifere 
psrforied for each year of the stady. This allowed two tasts of oar 
aodel* The results of the path analyses are shown in Figures 1 and 2* 
The lines in these figures represent path regression coefficients 
statistically significant at the p<*05 level* Path regression 
coefficients in both figures are the estimates of causal parameters when 
&TTP&T is included in the model. Paths to and from iTTPAT are not 
drawn, since it is not possible to determine correct standard errors for 
the decomposed variable. Several variables included in the path 
analysis at year one have been deleted from the year two path analysis* 
Including these variables would have drastically reduced the number of 
subjects available for path analysis. 



Insert Figures 1 S 2 

One*s perceptions or significaut others* ;Jud?ieQts about self were 
found to be important causal variables in both years of the study. For 
instance, perceptions of others* judgment about self*s abilitv had a 
significant iapact on current expectancies, task difficulty judgments, 
and perception of one's current performance (which here included self- 
concept of ability), Judamencs of the effort of asath for self ^rece a 
significant cause of judgments about the utility, ifliporta:ice, and w^cth 
of mathematics. Sex of child had a consistent effect on utility an5 on 
future expectancies as well, one interesting discrepancy is in the 
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caasal centrality of the perfomaace rariable in years one and tvo of 
the stujT. Interest ^nd iaportaace vere both affected by perfomanwe in 
rear tvo, vhereas no sianificant causal role vas found for performance 
in fe^r one of the study. 

Exattinincr the E)^ ralues of the laodels vhich include and exclude 
&TTP&T# the results are discouraging to the expectancy/value aodel ve 
have propounded. The total effect of ATTPAT is consistently siall, 
ranging froft 3% to 6% of variance accounted for in year one, and from 5>X 
to ^% in rear tvo. Qsing a phrase borrowed from Duncan & Featherman 
(1973), we ask ourselves if this improvement is ''substantively non- 
trivial**. Because of these discouraging findings, the analyses were re-^ 
run, using ye^r two dependent variables and the year one ATTPAT 
classification, in an attempt to see if the first year pattern 
classification had greater causal impact on second year dependent 
variables than did the Tear two classification of ATTPAT. This was not 
the case. The difference in 8^ values was no greater in this analysis 
than in the previous analyses. In fact, the year one ATTPAT 
occasionally acted as a suppressor variable, (fe itust conclude that 
support for our model is not forthcoming from this sot of analyses. 

Perhaps this set of results indicates that our model is 
misspaclf led. were this the case, the path analytic estimates of the 
causal effect of attributions may have been biasej. Rather than rely on 
our model to specify the '^correct*' representation of cause and effect 
relations among attitudinal variables, the technique of cross-lagged 
panel correlcstion (CLPC) was used to help make causal inferences. CLPC 
aids in the inference of causality by exaoining the patterit of 
correlations of two variables measured at two different points of time. 
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The essential notion of CLPC is that the correlation of a cause aeasared 
at tine 1 vith its laaoed effect should be greater than the correlation 
of an effect oieasared at tine 1 with its cause measured at tiae 2* 7h3 
difference between the ?alues of these cross-flagged correlations is 
tested, and causality is inferred if this difference teaches statistical 
siqnificance. There are several theoretical assuaptions to be 
satisfied. These assumptions are known as stationarity and 
sf nchronicity (for a full discussion of this technique, see Kenny/ 
1975) . The null hypothesis of CLPC assumes con»on-f actoredness"that 
is, corariation observed betvean variables is due to tbeir dependence 
upon a third variable, 

Kenn7*s pj^HiiL proaram was used to compute these analyses, Attitude 
scales included in this analysis were those scales on vhicb there vere 
sufficient data both years of the study. Only subjects vith non-^missing 
dats. on all these scales vere included because of the suggestion that 
this Procedure increases the stability of the observed correlation 
(5-255) , 

CLPC eta^nines all pairs of input variables for cross-flagged 
differences. Current practice bolus that uncorrected correlations not 
be used in CLPC, The pattern of significant cross-laaged differences 
can be scbenaticallr represented in the forii of a path diagram (Figura 
3) , Btaminina this diaaratt, one sees that perceptions of the future 
difficulty of math and the perceptions of its worth see* to cause 
expectancies. Interest, utility of math, and salf-concept of ability. 
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iDsert Figure 3 

This diagram does not iaclQde attcibatioas, hovever* the 
iaportaace of attribatioas vas assessed usiag path aaalysis oa tha CLPC* 
decired 9odel aad iaclQdiag the ITTPAt 7ariable* 7ariables vhich 

vere foQad to be either caQSes or effects Qsiag CLPC were included ia 
this path aaalysis* ks above, path analysis vas carried DQt as tvo 
saqaeaces of path regcessioas, one oi vhich iacluded VTTF&T, and oae o£ 
vhich did aot iaclude this variable* Separate path aaalyses vere run 
tot each year of the study* 



Tasert Figares 9 & 5 

Results of these analyses sbov that iore variables are Isplicated 
ia causal relatioaships than voQld hav« b««n thoQght usiag CLPC aloae* 
Soma of the causal relatioas revealed by CLPC are aot foaad ^siag path 
analysis, bQt this resQlt lay be doe to the fact that the data v«re 
analyzed vithin each year of the study rather thaa betveea years* 
Comparing the sequence of regrassioas iacluding AttPAT vith those not 
inclQdiag AtTPAT, attcibutioas vet r aot found to account foe a large 
aaoQat Df variance ia aost dependeat variables* there is a single 
exception to this stateneat: attribntioas account for a large aaount of 
variance in one*s current expectancies for success in math* The 
increase in 8? is approximately 9% in both years, and se«Ris 
'•substantively non-trivial*** 

these results raise soaie guestions for attribution theory in 
general and our aodel in Particular* It is possible that these findings 
are dua to the nature of the AttPAt variable* If untcansf orated ratings 
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of attcibatioQS vere entered into the regression eqaations, perhaps 
resalts votild aiffer considerably'^ However, the relative paticit? of 
variance accounted for br the ATTPAT variable indicates that notions 
aboat the functions of attribution patterns aay need to be seriously 
revised. This revision should result in lore explicit specification of 
hrPotheses, models, and predictions about the causal role of 
attributions, particularly vith regard to the direction and sagnitala of 
effects. For instance, are attributions a cause or an effect of 
attitudes? Should they inpact on expectancies or on values; or 
perceptions of self ig perceptions of others is perceptions of tasks; dt 
on future orientations rather than assessneat of current state? ife 
intend to aidress ourselves to these questions in the future. 
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